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Samara State Medical University (Samara, Russian Federation)

Abstract

Aim - to determine the prognostic significance of global longitudinal strain
of the left ventricle (GLS) and soluble stimulating growth factor (sSTZ2) in
patients with chronic heart failure (CHF) after myocardial infarction (MI) in
the annual follow-up period.

Material and methods. The study included 96 patients with CHF who
were hospitalized with acute MI. All subjects underwent speckle-tracking
echocardiography and determination of concentrations of sST2, vascular
endothelial growth factor (VEGF), N-terminal pro-brain natriuretic peptide
(NT-proBNP) and C-reactive protein (CRP). After 12 months patients were
assessed for cases of stroke, recurrent myocardial infarction, hospitalization
for unstable angina or decompensation of CHF, and cardiovascular death,
forming a combined endpoint (CEP).

Results. The development of CEP was registered in 44 (45.8%) patients
with initially lower left ventricular ejection fraction and GLS, higher left
ventricular myocardial mass index, index of impaired local contractility, basal

diameter of the excretory tract, as well as a higher score on the Syntax scale
and concentrations of CRP, NT-proBNP and sST2. During the ROC-analysis
for the development of CEP, optimal thresholds for sST2 and NT proBNP
were determined, which were 36.1 ng/ml and 427 pg/ml, respectively. The
multifactorial analysis made it possible to develop a mathematical model for
predicting adverse outcomes within 12 months after M1, which included such
indicators as GLS — odds ratio (OR) 0.51 (0.39; 0.72), the number of points
on the Syntax scale — OR 3.05 (2.2; 6.8), concentrations of NTproBNP — OR
2.9 (1.45; 5.1) and sST2 - OR 3.3 (1.65; 7.51).

Conclusion. The developed prognostic model includes factors reflecting
various links in the pathogenesis of CHF, which provides an integrated
approach to assessing the risks of recurrent cardiovascular events after MI.
Keywords: chronic heart failure, myocardial infarction, global longitudinal
strain (GLS), soluble stimulating growth factor (sST2), prognostic model.
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NMporHo3upoBaHue HebnaronpUATHbIX UCXOA0B
B OTAANIEHHOM nepuoae HabnwaeHus y naumMeHToB
C XPOHUYECKON cepaevyHoOn HeaoCTaTO4YHOCTbIO,
nepeHecwnx MHapKT MUOKapAa

H0.A. Tpycos, 10.B. LLykuH, J1.B. Jlumapesa

dIre0Y BO «Camapckuin rocyaapCTBEHHbIV MeAUUMHCKUIA YHMBepCUTeT» Munsgpasa Poccun
(Camapa, Poccuiickas depepauust)

AHHOTaumA

et — ONpenenyTh IPOrHOCTUYECKYHO 3HAYMMOCTD [TI0BaIbHOM IPOJOIIBHOM
nedopmaruu JieBoro xenygodka (GLS) u pactBopumoro penenropa CTUMy-
npytoniero ¢akropa pocra (sST2) y nanueHToB ¢ XpOHUYeCKOH cep/ledyHoM
HenocrarouHocThio (XCH), nepenecinx nHapkt Muokapaa (MM), B romo-
BOM IIeproyie HaOIIOeH sl

Marepuan u Merofbl. B rcciienopanye BxirodeHo 96 marpenTos ¢ XCH, ro-
CIUTAIM3UPOBAHHBIX C ocTprIM UM. BeeM o6ciiestyeMbIM ITpoBejieHa CIeKII-

www.innoscience.ru

TPEKHUHT dXOKapAxorpadus 1 onpeserneHye KoHeHTpanui sST2, ¢paxropa
pocra supiorenus cocynioB (VEGF), N-koHIeBoro npeiiiecTBeHHIKa MO3ro-
Boro Harpuityperudeckoro nentuzia (NT-proBNP) u C-peaxkruBHoro 6eska
(CPB). Yepes 12 mecsieB oLleHeHbI CJIy4ay Pa3BUTHsI OCTPOTO HapyIIEHHUs
MO3roBOro KpoBoobpareHus, moBropHoro UM, rocruranmsanyii o moBogy
HeCTabWIbHOM cTeHOKapuu WK fekomneHcanru XCH u cepieuno-cocy-
JIUCTOM CMEpTH, COCTaBUBLIMX KOMOWHUPOBAHHYIO KoHeuHYIo Touky (KKT).
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Hayka n UHHOBauUuK B MeauLuHe

Pesynbrarel. Pazsutie KKT 3apeructpupoano y 44 (45,8%) manueHToB,
VMEBIINX UCXONHO OoJlee HU3KHUe IOKa3aTesy (paKiyy BEIGpoca JIeBOro JXe-
nynouka (JIXK) u GLS, 6osee BbICOKMe MOKa3aTeJTM UHIEKCA MaCChl MUOKap/a
JI’K, nHpexca HapyIIeHVs JIOKAJILHOM COKPAaTUMOCTH, 6a3albHOrO AuaMeTpa
BBIBOJTHOTO TPAKTa, a Takxke Oosiee BBICOKME 6ayuI 1Mo MmiKaje SyntaX ¥ KOH-
nentpanuii CPB, NT-proBNP u sST2. I1pu nposenennu ROC-anamiza B oT-
HOIIIEHWH Pa3BUTHsI KOMOMHMPOBAHHON KOHEYHOM TOUYKY OBUTH OIpesiesieHb!
onTtuUMabHble oporosuie 3HadeHus st SST2 u NTproBNP, cocraBusIimx
36,1 Hr/Mn u 427 nr/min cooTBeTCTBeHHO. [1poBeieHHbIN MHOTOGAKTOPHBIH
aHa/IM3 [T03BOJIWIT Pa3paboTaTh MaTeMaTHYeCcKyIo MofielIb IPOTHO3UPOBAHMS
HeOJIaronprUsATHBIX UCXOJIOB B TedeHre 12 MecsieB mociie nepeHecenHoro UM,

B KOTOPYIO BOIIUTH TaK¥e IT0Ka3aTelIH, Kak BerarHa GLS — oTHOIeHue prckoB
(OP) 0,51 (0,39; 0,72), konmuyecTBo 6awIoB MO miKane Syntax — OP 3,05 (2,2;
6,8), xonnentpanuu NTproBNP - 2,9 (1,45; 5,1) usST2 - OP 3,3 (1,65; 7,51).
BriBopbl. PaspaboranHas IpOrHOCTHYECKAs] MOJIeNIb BKJIIOYaeT GaKTOPEL,
OTpakaroIllye pa3invHble 3BeHbs nartoreHe3a XCH, uto obecrieunBaeT KoM-
IUIEKCHBIH TTOZIXOJ] K OIIeHKe PHCKOB Pa3BUTHsI IIOBTOPHBIX CEpIedHO-COCYIH-
CTBIX COOBITHI ITOCTIe TepeHeceHHOTo M.

KitroueBble cJI0Ba: XpOHUYeCKasl CepfiedHasi HefIoCTaTOYHOCTh, HHPAPKT
MHOKap/ia, NobanbHast IPOAOIbHAs COKPAaTUMOCTh, PACTBOPUMBIN PEIIENTOp
CTUMYIUpYIOIIero ¢GakTopa pocTa, IIPOrHOCTUYEeCKast MOeIb.

KoH}auKT HHTEpecoB: He 3asBileH.

[na uMTUpOBaHMUSA:

Tpycos O.A., LLykuH O.B., lumapesa J1.B. lMporHo3upoBaHue HeGnaronpusTHbIX
WUCXOA0B B OTAaNeHHOM nepuope HabnoaeHUs y NaLMeHToOB C XPOHNYECKoMn
cepAe4yHoW HelOCTaTOYHOCTbIO, NepeHecw X MHGapKT MUoKapaa.

Hayka u uHHoBayuu B meduyuHe. 2025;10(2):119-127.

DOI: https://doi.org/10.35693/SIM655825

CeepeHus 06 aBTopax

*TpycoB HOpuit AnekcaHapoBuy — Bpay-kapauvonor Knuhuk CamirMy,
accucTeHT Kadeapbl NPoNefeBTUYECKOi Tepanuu C KypcoM Kapavonoriu.
ORCID: 0000-0001-6407-3880

E-mail: yu.a.trusov@samsmu.ru

LlykuH FO.B. — a-p Men. Hayk, npoceccop kadeapbl NponeneBTUu4eckoin
Tepanuu ¢ KypcoM Kapauosoriu.

ORCID: 0000-0003-0387-8356

E-mail: yu.v.shchukin@samsmu.ru

TNumapesa J1.B. — o-p Men. Hayk, 3aBefyiowas naéopartopuei
NPOTOYHO LIUTOMETPUN.

ORCID: 0000-0003-4529-5896

E-mail: Lv.limareva@samsmu.ru

*ABmop dns nepenucku

Cnucok coKpaleHuin

XCH — xpoHuyeckas cepaeyHas HenoctatodHocTb; CH — cepaeyHas HeoCTaToOYHOCTb;
®B JIXX — dopakums sbibpoca nesoro xenyaouka; MBC — nwemnyeckas 6onesHs cepaua;
WM — uHdapkT Muokapaa; Al — apTepuanbHas runepteHauns; BM — 6uonoruyeckuin
Mapkep; KA — kopoHapoaHruorpadusi; Cll — caxapHbiit anabet; I — pubpunnsaums
npencepauii; AKLL — aopTokopoHapHoe WwyHTupoBaHue; BAB — 6eTa-agpeHobnokaTtop;
MATM® — MHrMBMTOP aHrnoTeHsunHNpeBpaLlatoLlero epmerTa; AMP — aroHuct
MuHepankopTukomaHblx peuentopos; BKK — 6nokatop kanbumeBsbix kaHanos; JIKA — nesas
KopoHapHas apTepus; NMHA — nepenHsas Hucxopswas aptepust; OA — orvbatowas aptepus;
MKA — npaBas kopoHapHas apTepusi; YKB — 4ypeckoxHoe KopoHapHoe BMeLLaTenbCTBo;
OHMK — ocTpoe HapyLueHne Mo3roBoro kpoBoobpatlerus; MUKC — nocTuHgapKTHbIA
kapaunocknepos; JAAT — aBoitHas aHTuarperanTHas Tepanus; JIA® — nasepHas
ponnneposckas dnyometpus; KKT — KOMBUHMPOBaHHas KOHEYHas TOuKa;

HC — HecTabunbHas cteHokapausi; OLL — oTHowweHwve waHcoB; AN — noBeputenbHbIin
nHTepsan; UMM — nHpekc Maccel Muokapaa; MHIIC — nHaekc HapylweHns nokanbHoun
cokpaTtumocTy; LLIOKC — wkana oueHKn KNnHM4YecKoro coctosiHus; Bl — BbIBOAHO TpakT;
KAP — koHeuHblin anactonuyeckuii paamep; KCP — KOHEYHbI CUCTONMYECKUiA pasmep;

PKK — pe3eps kanunnspHoro kposoToka; JIHM — nunonpotenabl HU3KoN NNOTHOCTK.
Monyyeno: 12.02.2025

Opo6peHo: 21.03.2025
Ony6nukoBaHo: 28.03.2025

m INTRODUCTION

ver the past twenty years, chronic heart failure (CHF)

has acquired the character of an “epidemic”. CHF is
widespread throughout the world and affects more than 60
million people, and, according to experts, the number of people
with this pathology will increase [1]. Despite the impressive
body of scientific data on the pathophysiology of heart failure
(HF) and the possibilities of surgical and drug treatment and
prevention, this pathology is associated with significant
morbidity and mortality, especially among older people [2-3].

Left ventricular ejection fraction (LVEF) is a
fundamental factor for risk stratification in patients
with coronary artery disease (CAD), in particular after
myocardial infarction (MI). However, being within the
normal range, it does not allow a full recognition of the
degree of deformation changes in the myocardium. Today,
there is compelling evidence for the prognostic value
of LV global longitudinal strain (GLS), which is more
valuable than LVEF, in stratifying the risks of adverse
clinical outcomes in different groups of patients with
cardiovascular diseases. Although GLS is an independent
predictor of death, left ventricular remodeling and
hospitalization of HF patients with aortic stenosis, acute
MI, congestive HF, this indicator is not used in clinical
practice widely enough [4-6].

Numerous studies on post-infarction remodeling of
the myocardium confirm the close connection between
the biological markers (BM) of endothelial dysfunction,
fibrosis and inflammation, and development and
progression of HF [7-8]. At the same time, despite the
processes underlying heart failure being widely known,
the studies of prognostic value of biomarkers showing
the undergoing structural and functional changes of the
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cardiovascular system, particularly in the development
of MI, with respect to the progression of adverse
cardiovascular events both in the short-term and long-term
perspective remain a priority in modern cardiology [9].

The most commonly used B-type natriuretic peptides in
clinical practice, in particular the N-terminal precursor of
brain natriuretic peptide (NT-proBNP), are very useful in
diagnosis, risk stratification and determination of optimal
treatment; however, they have well-known limitations,
since their level is dependent on such factors as renal
dysfunction, age, obesity, atrial fibrillation, and some
other cardiologic and non-cardiologic diseases [10].

The ST2 growth-stimulating factor is a member of the
superfamily of interleukin-1 (IL-1) receptors that exists
in two forms: transmembrane receptor (ST2L) and the
soluble receptor (sST2). The natural ligand of the ST2
is the IL-33. Due to a complex action that IL.-33 causes
to tissue damage and inflammation, it is involved in the
pathogenesis of some diseases (e.g., allergy, autoimmune
diseases, cancer, atherosclerosis, and diabetes). It is
most important that IL.-33 plays a cardio-protective role
preventing fibrosis and hypertrophy of the myocardium as
a response to mechanical load with the help of ST2L. The
damage of the myocardium or mechanical stress stimulate
release of the sST2 that competes with ST2L for binding
the IL-33, thus inhibiting the positive effects caused by
the interaction of ST2L/IL-33, so, the excess of sST2 may
assist development of myocardial fibrosis and ventricular
remodeling [11].

It was proven that the sST2 provides important
information about the prognosis in heart failure (both
acute and chronic), and it is less affected by the renal
function, age, body mass index, and disease etiology

www.innoscience.ru
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than the natriuretic peptides. Although the sST?2 is not
yet widely used, it can be easily measured multiple times
in emergencies and daily clinical practice [11].

m AIM

To determine the prognostic significance of GLS and
sST2 in patients with CHF after myocardial infarction in
the annual follow-up period.

m MATERIAL AND METHODS

The study was carried out in the Cardiology Departments
No. 1 and No. 2 of the Clinics of the Samara State Medical
University in the period from 2021 to 2022. In included
96 patients with CHF urgently hospitalized for in-patient
treatment in the acute period of MI not more than 24 hours
after the event.

Inclusion criteria: age over 18; signing of voluntary
informed consent for participation in the study; previous
diagnosis of ‘chronic heart failure’ of I, IT and III functional
classes; established diagnosis of ‘myocardial infarction’ at
the moment of signing of the informed consent; availability
of coronary angiography (CAG).

Exclusion criteria: decompensated diabetes mellitus;
confirmed autoimmune diseases; aggravated oncological
history; decompensated renal or hepatic failure; diseases
of the blood system; history of coronary artery bypass
grafting (CABG); other factors of myocardium geometry
change (refractory hypertension, hemodynamically
significant congenital and acquired cardiac defects,
dilatation and ischemic cardiomyopathy).

Myocardial infarction and CHF were diagnosed in
compliance with the effective clinical recommendations
[12-14].

The clinical and anamnestic characteristics of patients
are shown in Table 1. Among the participants included
in the study, male patients prevailed, and the median
age was 64.5 (57.0; 72.3) years. In the vast majority
of patients, there was a history of arterial hypertension
(AH), and CHF of NYHA II functional class. History of
previous MI was known in 25 (26%) patients, and that of
acute cerebrovascular event, in 7 (7.3%). The diagnosed
diabetes mellitus was present in 18 (18.8%) individuals.
In most cases (61.6%), nob Q-wave myocardial infarction
was found, the incidence rate of the anterior localization
of MI was 46.9%. Signs of acute heart failure as per Killip
II-1IT were found in 14.6% patients. In 10 patients, atrial
fibrillation (AT) rhythm was found, in eight of those, as
a complication of the infarction in progress. The median
score of patients with CHF on the Rating scale of clinical
state (RSCS) was 5 (3; 6).

In-patient treatment was also compliant with the
current clinical recommendations [12-14]. In accordance
therewith, the medication therapy as of the moment of
patients’ inclusion in the study contained antiaggregants,
anticoagulants (as needed), beta-blockers (BB), statins,
inhibitors of angiotensin converting enzyme (ACEI) or
sartans, mineralocorticoid receptor agonists (AMR), loop
diuretics, calcium channel blockers (CBB) (Table 1). All
patients with AF received oral anticoagulants.

www.innoscience.ru

Characteristics Abs. Value %

Sex

female 31 32.3
male 65 67.7
PICS 25 26
Smoking 3 3.1
AH 90 93.8
DM 18 18.8
ACVA 7 7.3
AF 10 10.4
CHF, functional class (NYHA)

Il 88 91.7
1] 8 8.3
Severity of AHF (Killip)

| 82 85.4
Il 8 8.3
11l 6 6.3
IM type

without Q wave 59 61.5
with Q wave 37 38.5
IM localization

anterior LV wall 45 46.9
posterior LV wall 51 53.1
Prescribed therapy

DAAT 94 97.9
Statins 93 96.9
ACEl/sartans 87 90.6
BB 90 93.8
AMR 70 72.9
Loop diuretics 52 54.2
CBB 33 34.4
Results of angiographic investigation

PCI performed at the hospital 61 63.5
Surgical tactics on discharge

Indicated for CABG 24 25
Indicated for second-stage PCI 34 35.4
Conservative therapy 38 39.6

Notes: PICS: post-infarction cardiosclerosis; DAAT: double anti-aggregate
therapy.

Table 1. Clinical and anamnestic characteristics of the patients
included in the study (n=96)

Ta6nuuya 1. KnuHuko-aHaMHecmu4eckas xapakmepucmuka
nayueHmoB, BKJIO4eHHbIX B ucciiedoBaHue (n=96)

Based on CAG data, the current condition of the
coronary bed was assessed: lesions of the trunk of the
left coronary artery (LCA), left anterior descending artery
(ADA), circumflex artery (CX), and right coronary artery
(RCA). Afterwards, the severity of coronary bed lesion was
evaluated using the Syntax scale. In the event a stenosis
over 70% was found, the lesion of the coronary artery
was deemed significant. In cases of RCA and trunk of
LCA, stenosis over 50% was considered hemodynamically
significant. Considering the clinical and angiographic
picture, and with the patient’s consent, the surgical tactics
and time frame of intervention were identified (CABG
and/or stenting of the symptom-dependent artery).

Following the results of CAG, in 58 (60.4%) patients
triple-vessel disease of the coronary bed was found, in
24 (25%) patients, there was found hemodynamically
significant lesion of two coronary arteries, in 20
(20.8%), lesion of the LCA trunk. Percutaneous coronary
intervention (PCI) was performed in more than 60% cases.
Further surgical tactics (CABG) was identified for 24
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Onset of

e roco s it | s | 7

Median age,

s 61.5(56.5; 72) 66 (59.5;73) 1.02(0.98;1.07) 0.257
Male sex, n (%) 35(67.3)  30(68.2) 1.04(0.44;2.46) 0.927
DM, n (%) 10 (19.2) 8(18.2)  1.08(0.4;2.95) 0.881
AF, n (%) 7 (13.5) 3(6.8)  0.47(0.11;1.94) 0.288
Ei(?,gry of ACVA, 3(5.8) 4(9.1)  1.63(0.357.73) 0.533
ﬁi(suf)”’ of M1, 12 (23.1) 13(29.5)  1.4(0.56;3.49) 0.472
AH, n (%) 50(96.2)  40(90.9)  0.4(0.07;2.3)  0.29
n""};;’;th Qawave; 17 (32.7) 20(455) 1.72(0.74;3.93) 0.2
Anterior MI, n (%) 24 (46.2) 21(47.7) 1.07(0.48;2.38) 0.878
Killip 11111, n (%) 5(9.6) 9(20.5) 2.42(0.75,7.85) 0.134
PCI during

34 (65.4) 27 (61.4) 0.84(0.37;1.94) 0.683

hospitalization,
n (%)

Table 2. Clinical and anamnestic factors influencing the development
of adverse cardiovascular events within 1 year

Tabnuua 2. KnuHuko-aHaMHecmu4yeckue akmopsl, Bausiiowjue Ha
pasBumue HebnazonpusimHbIX cepoe4yHO-cocyoucmablix cobbimul B
meyeHue 1 2o00a

(25%) patients; second-stage PCI for 34 (35.4%) patients;
conservative therapy, for 38 (39.6%) patients (Table 1).

On the third day of hospitalization, patients’ venous
blood was sampled to identify concentrations of such
biomarkers as sST2 (“Presage ST2 Assay” test system,
“Critical Diagnostics”, USA), vascular endothelial
growth factor (VEGF) (“Human VEGF-A ELISA Kit,
Bender MedSystems GmbH”, Austria) and NTproBNP
(“NT-proBNP” test system, “Biomedica”, Austria). The
assessments of the total and biochemical blood count,
as well as blood coagulation, lipid, and CRP tests were
performed within the routine clinical practice.

The ECG was registered on the “CardiovitAT 2”
apparatus (“Schiller”, Switzerland) in twelve standard
leads.

Echocardiography (EchoCG) and 2D mode EchoCG
speckle tracking were performed on the “Philips EPIQ
5” ultrasound machine (USA) in accordance with the
Guidelines of the American Society of Echocardiography
and the European Association for Cardiovascular Imaging
[15].

During the hospital period, all patients underwent
laser Doppler flowmetry (LDF) in order to determine
microcirculation disorders using the general practitioner’s
laser blood microcirculation analyzer “LAKK-OP”
(“Lazma” LLC, Russia).

In the course of the first phase of the study, no cases
of hospital death were registered. In the second phase,
telephone inquiry was used to assess the disease progress
and clinical outcomes within 12 months. The combined
end point (CEP) in this study is represented by cases of
mortality due to cardiovascular pathology and recurrent
cardiovascular events: ACVA, new incidences of IM,
unstable angina (UA), and hospitalization for in-patient
treatment of CHF decompensation.

Statistical processing of data was performed in the
statistical calculation software suite R 4.3.2 (R Foundation
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for Statistical Computing, Austria). Descriptive statistics
are represented as absolute and relative frequencies for
qualitative variables, and medians (Me) with interquartile
range (Q1; Q3) for quantitative variables. Intergroup
differences for quantitative variables were assessed
using the Mann—Whitney test between two independent
samples; for categorical variables, the Fisher’s exact test.
The determination of prognostic factors for the occurrence
of recurrent events was performed using univariate
regression analysis with calculation of the odds ratio (OR)
and determination of its 95% confidence interval (CI).
The prediction of the study criteria was also assessed by
performing ROC (receiver operating characteristics) curve
analysis, in which the area under the curve (AUC) values
were calculated.

m RESULTS

Within the 12 months of observation, the onset of CEP
was registered in 44 (45.8%) participants of the study:
cardiovascular death took place in 2 (2.1%) cases, 8 (8.3%)
patients were hospitalized due to UA and the same number,
due to development of recurrent IM, 24 (25%) people were
hospitalized due to CHR decompensation, and 2 (2.1%),
due to development of ACVA. Based on that, groups of
patients were identified with favorable and unfavorable
progress in the long term-post-infarction period.

The assessment of effect of clinical and anamnestic
characteristics on the probability of development of
recurrent cardiovascular events within 12 months from
the moment of patients’ inclusion in the study revealed
no statistically significant associations with sex, age, MI
localization, AHF severity as per Killip scale, PCI in the
period of hospitalization, history of MI, DM, AH, ACVA,
and the presence of AF and NYHA functional class CHF
(p>0.05 in all cases) (Table 2).

At the same time, the patients with an adverse clinical
outcome in the year-long follow-up, a statistically
significant higher score of RSCS was registered, (5 (4; 7)
vs. 4 (3; 5) in patients with a favorable progress of post-
MI period, p<0.001). The regression analysis revealed
that high RSCS scores were significant predictors of
development of recurrent cardiovascular events in CHF
patients within one year after MI (OR=1.44 (95% CI: 1.17;
1.82), p=0.001).

The comparative analysis of basic EchoCG findings
and CAG results (Table 3) revealed that in the event of
development of adverse cardiovascular events the patients
originally had statistically significant lower values of left
ventricle ejection fraction (LVEF) and global longitudinal
strain (GLS), and statistically significant higher values
of end-systolic length (ESL) and end-diastolic length
(EDL) of the left ventricle, end-systolic volume of the
left ventricle (ESV), myocardial mass index of the left
ventricle (LV MMI), wall motion score index (WMSI),
basal diameter of the LV outflow tract (LV OT), and
higher scores as per Syntax scale. Besides, patients with
an adverse long-term outcome demonstrated diastolic
dysfunction of the left ventricle (LV DD) significantly
more often (70.5%). The groups with favorable and
unfavorable clinical prognoses did not differ in the value

www.innoscience.ru
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LV EF*, % 54 (49.5; 57.7) 48 (39; 54) <0.001 0.9 (0.84; 0.95) <0.001
EDR*, mm 48 (44.5; 50) 51 (48; 53.5) 0.002 1.11 (1.02; 1.21) 0.018
ESR*, mm 33 (30; 37) 36 (32; 42) 0.004 1.09 (1.02; 1.17) 0.013
ESV* ml 118.5 (106.5; 139) 129 (114; 151.5) 0.15 1.01 (0.99; 1.02) 0.261
EDV*, ml 55 (45.5; 70.5) 65.5 (56; 86.5) 0.003 1.03(1.01; 1.05) 0.013
LV OT dia., mm

proximal* 28.5 (27; 31) 30 (27; 32) 0.416 1.06 (0.95; 1.19) 0.273
distal* 25 (25; 26.5) 25 (24; 26.5) 0.732 0.98 (0.86; 1.11) 0.748
basal* 35 (32; 38) 38 (35; 40) 0.01 1.08 (1;1.18) 0.045
median* 29.5(27; 31) 30 (27; 32) 0.744 1.02 (0.92; 1.14) 0.699
GLS*, % 19.8 (18.45; 20.3) 16.65 (15.1;17.65) <0.001 0.37 (0.26; 0.54) <0.001
LI @t 100 (80.5; 110.35) 107 (97.5; 124) 0.013 1.02 (1; 1.04) 0.018
WMCI* 1.19 (1; 1.4) 1.41(1.1; 1.8) 0.008 4.6 (1.55; 15.4) 0.009
LA vol.¥, ml 62 (53.5; 68) 65.5 (57; 79.5) 0.089 1.02 (0.99; 1.04) 0.202
PPAsyst.*, Hgmm 30.5 (27; 35.5) 32.5 (27.5; 40.5) 0.145 1.05 (1; 1.1) 0.073
DL it 334 (28; 40) 335 (30.75; 42.33) 0.264 1.0 (0.98; 1.01) 0.526
Y/ 2 25.2 (22; 28) 26.6 (22.8; 30.55) 0.197 1.01 (0.96; 1.07) 0.639
Vitr¥, m/s 2.39(2.22; 2.6) 2.53(2.25; 2.8) 0.094 3.27 (1.09; 9.82) 0.033
LV DD, n (%) 26 (50) 31 (70.5) 0.042 2.39 (1.02; 5.55) 0.042
Syntax*, pts. 15.5 (8.5; 21.25) 38 (31; 41) <0.001 1.2(1.13; 1.29) <0.001
Number of affected coronary arteries

Single-vessel, n (%) 11 (21.2) 3(6.8)

Two-vessel, n (%) 12 (23.1) 12 (27.3) 0.14 1.58 (0.96; 2.74) 0.081
Three-vessel, n (%) 29 (55.8) 29 (65.9)

LCA trunk disease, n (%) 11 (21.2) 9 (20.5) 0.933 0.96 (0.35; 2.58) 0.933

Notes: * values are represented as Me (Q1; Q3); IV LA: indexed volume of left atrium; IV RA: indexed volume of right atrium.
Table 3. Comparative analysis of echocardiographic parameters and coronary angiography results depending on the development of CEP
Tabnuuya 3. CpaBHUmMerbHbIU aHanu3 axokapouozpaguyeckux nokazamernel u peaynsmamos KAI' B 3aBucumocmu om passumusi KKT

of the end-diastolic volume of LV (EDV), proximal, distal
and median diameter of the LV OT, volumetric values
of the left atrium (LA) and right atrium (RA), value of
systolic pressure in the pulmonary artery (PPAsyst), and
the number of affected coronary arteries and presence of
LCA trunk lesion. The statistically significant predictors
of development of recurrent cardiovascular events were as
follows: LV EF (OR (95% CI) - 0.9 (0.84; 0.95), p<0.001),
EDR, ESR, ESV, basal diameter of LV OT (OR (95%
CI) -1.08 (1; 1.18), p=0.045), GLS (OR (95% CI) - 0.37
(0.26; 0.54), p<0.001), LV MMI (OR (95% CI) — 1.02
(1; 1.04), p=0.018), WMCI (OR (95% CI) — 4.6 (1.55;
15.4), p=0.009), triscupid regurgitation velocity (Vtr)
(OR (95% CI) — 3.27 (1.09; 9.82), p=0.033), presence of
LV DD (OR (95% CI) — 2.39 (1.02; 5.55), p=0.042), and
the score on the Syntax scale (OR (95% CI) - 1.2 (1.13;
1.29), p<0.001) (Table 4). It is noteworthy that neither the
number of affected coronary arteries nor the presence of
hemodynamically significant damage to the left coronary
artery trunk had a significant impact on the long-term
prognosis of patients after MI.

When analyzing the microcirculation parameters
obtained during LDF, it was found that patients who
developed repeated adverse cardiovascular events
during 12 months of follow-up, initially had statistically
significantly lower values of the microcirculation index
(MI), the amplitudes of blood flow oscillations in the
myogenic (Am), neurogenic (An) and endothelial (Ae)
frequency ranges, the respiratory test index (RTI) and the
Hurst exponent (R/S), as well as statistically significantly
higher capillary blood flow reserve (CBFR) (Table 4). The
groups did not differ in the value of variation coefficient
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(Kv), values of relative perfusion saturation of blood
flow with oxygen (Sm), specific consumption of oxygen
in the tissues (I), relative entropy (HO), and correlation
dimensions of phase pattern (D2). The obtained data
indicate that patients with an unfavorable prognosis
had more manifested disturbances of microvascular
hemodynamics during the year, as well as a decrease in the
amplitude-frequency spectrum of perfusion oscillations.

The odds of development of recurrent cardiovascular
events within one year were statistically significantly
associated with values of RTI (OR (95% CI) — 0.81 (0.66;
0.97), p=0.025) and CBFR) (OR (95% CI) — 1.15 (1.05;
1.27), p=0.005). Besides, with the Ae value growing by 0.1
the odds ratio of adverse outcome development reached
0.58 (95% CI: 0.37; 0.88), An - 0.32 (95% CI: 0.14; 0.67),
Am-0.52 (95% CI: 0.32; 0.8), R/S - 0.62 (95% CI: 0.39;
0.96) and D2 - 0.68 (95% CI: 0.46; 0.97).

The analysis of levels of general laboratory parameters
depending on the development of adverse cardiovascular
events within one year after an index MI showed that the
patients with adverse outcomes had significantly higher
levels of CRP, NTproBNP and sST2, and the calculated
glomerular filtration rate (GFR) was significantly lower
than the patients with a favorable progression of the
remote follow-up period (Table 5). The groups did not
differ in the levels of troponin, creatine phosphokinase
(CPK) and its MB isoform (CPKMB), total cholesterol
(TC), low-density lipoproteins (LDL) and VEGF, although
there was a tendency towards higher values of glycemia
in patients with unfavorable prognosis (p=0.06). The
statistically significant predictors of recurrent events were
the value of GFR calculated using the CKD-EPI formula
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| Fator |  NoCERn=52 |  OnsetofCERn=44 | P | OR(@5%C)
MI, pf. u. 15.3 (14.4; 16.3) 145 (13.7; 15.9) 0.042 0.76 (0.57; 1) 0.055
Kv, % 6.93 (5.06; 8.51) 6.18 (4.73; 7.81) 0.194 0.89 (0.75; 1.06) 0.205
Ae, pf. u. 0.58 (0.52; 0.64) 0.52 (0.44; 0.61) 0.007 0.58 (0.37; 0.88) 0.013
An, pf. u. 0.57 (0.54; 0.61) 0.54 (0.48; 0.57) 0.002 0.32 (0.14; 0.67) 0.004
Am, pf. u. 0.51 (0.44; 0.55) 0.42 (0.37; 0.51) 0.002 0.52 (0.32; 0.8) 0.004
RTI, % 35.5 (34.2; 37) 34.2 (32.6; 38.7) 0.038 0.81 (0.66; 0.97) 0.025
CBFR, % 127 (124; 129) 130 (125; 133) 0.008 1.15 (1.05; 1.27) 0.005
Sm, c. u. 4.35 (4.03; 4.6) 4.08 (3.87; 4.65) 0.175 0.58 (0.22; 1.46) 0.249
I c. u. 33.7 (30.8; 36) 32.1(29.8; 34.7) 0.229 0.95 (0.85; 1.05) 0.282
R/S 0.47 (0.4; 0.52) 0.4 (0.32; 0.48) 0.02 0.62 (0.39; 0.96) 0.036
HO 0.34 (0.31; 0.38) 0.34 (0.3; 0.36) 0.197 0.58 (0.24; 1.39) 0.23
D2 1.43 (1.36; 1.5) 1.39 (1.25; 1.49) 0.063 0.68 (0.46; 0.97) 0.039
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Note: the factor values are gives as medians Me (Q1; Q3).

Table 4. Comparative analysis of microcirculation parameters depending on the development of CEP
Tabnuua 4. CpaBHUmMenbHbIl aHanu3 napamMempoB MUKPOUUPKYnsiyuu B 3aBucuMocmu om passumusi KKT

(OR (95% CI) - 0.95 (0.92; 0.98), p=0.006), glucose levels
(OR (95% CI) - 1.17 (1.01; 1.36), p=0.029), CRP (OR
(95% CI) - 1.06 (1.02; 1.11), p=0.004), NT-proBNP (OR
(95% CI) — 1.03 (1.02; 1.08), p<0.001), and sST2 (OR
(95% CI) - 1.13 (1.07; 1.2), p<0.001).

Thus, development of adverse cardiovascular events in
CHEF patients after MI is associated within the following
year with decrease of global deformation of the left
ventricle, severity of coronary atherosclerosis, disruption
of microcirculation, presence of kidney dysfunction,
hyperglycemia and elevation of levels of such biomarkers
as CRP, NTproBNP and sST2. At the same time, the
clinical and anamnestic characteristics as predictors of
long-term adverse outcomes become secondary.

To predict the risk of development of recurrent
cardiovascular events, a mathematical model was
developed with step-by-step selection of predictors that
showed their significance in the development of combined
endpoint in the single factor analysis, as well as predictors
that have wide evidence with respect to riskometry, with
exclusions based on the Akaike’s information criterion
(AIC). The analysis included criteria that showed their
prognostic value in a univariate analysis, and the generally
accepted risk factors with a vast body of evidence: patient’s
age and sex, history of DM, history of MI, type of MI and
severity of CHF in the Killip class, score on the RSCS
and Syntax scales, number of involved coronary arteries,
values of LV EF, GLS, LV MMI, RCII, ESL, EDL, ESV,
basal diameter of the LV OT and Vtr, presence of LV DD,

RTI and CFBR, Hurst exponent, correlation dimensions
of the phase pattern and amplitude-frequency spectrum
of perfusion oscillations, as well as concentrations of
glucose, CRP, NT-proBNP, sST2, TC and LDL, and CKD-
EPI calculated GFR.

Following the results of the analysis, the final model
(Table 6) included such factors as GLS value, points on
the Syntax scale, levels of NTproBNP and sST2. The risk
ratio (RR) for NTproBNP was 2.9 (1.45; 5.1), for the
Syntax scale, 3.05 (2.2; 6.8), for sST2, 3.3 (1.65; 7.51),
and for GLS, 0.51 (0.39; 0.72).

The resulting model was characterized by a Nagelkerke
pseudo R? value of 0.7 (adjusted value — 0.66), Sommers
DXY rank correlation of 0.89 (adjusted value — 0.86) and
AUC of 0.94 (95% CI: 0.89-0.97) (adjusted value — 0.93)
(Fig. 1).

Following the results of the multivariate regression
analysis, we derived the regression equation using the
following mathematical formula:

P: 1/ (1 +ef(Bo + B1*x1 + B2¥x2 + B3*x3 + B4*x4)), Where:

e — base of natural logarithm (2.718); Bo — constant
(1.32); B, — coefficient for NTproBNP (0.012); B, -
coefficient for GLS (-0.74); B, — coefficient for Syntax
scale points (0.13); B, — coefficient for sST2 (0,15); x, —
concentration of NTproBNP, pg/ml; x, — GLS value, %;
X, — number of Syntax scale points; x, — concentration of
sST2, ng/ml.

Thus, the equation can be written as follows:
P: 1/ (1 +ef(1,32 +0,012%x1 - 0,74*x2 + 0,13%x3 + 0,15*)(4).

Glucose, mmol/l 6.0 (5.3; 7.3) 6.6 (5.6; 8.4) 0.06 1.17 (1.01; 1.36) 0.029
Troponin, pg/ml 708.5 (174; 2283.1) 616.4 (89.8; 3205.5) 0.953 1.0 (1.0; 1.0) 0.146
CPK, U/l 306.9 (120; 778.2) 315.5 (143.5; 796.8) 0.678 1.0 (1.0; 1.0) 0.707
CPKMB, U/L 31.1(21.3; 70.6) 47.5(21.3; 77.8) 0.617 0.99 (0.82; 1.0) 0.439
CKD-EPI GFR, ml/min/1.73m2 77 (74; 80) 67 (61; 77) 0.003 0.95 (0.92; 0.98) 0.006
TC, mmoll 5.1 (4.4; 5.65) 5.05 (4.75; 5.4) 0.8 0.86 (0.58; 1.22) 0.396
LDL, mmoll 3.07 (2.58; 3.9) 3.28 (2.74; 3.32) 0.376 0.94 (0.61; 1.42) 0.759
CRP, mg/l 14.9(7.9; 21.1) 22.3(12.5; 31.9) 0.004 1.06 (1.02; 1.11) 0.004
NT-proBNP, pg/ml 192.4 (111.2; 517.8) 1339.7 (605.4; 1886.9) <0.001 1.03(1.02; 1.08) <0.001
sST2, ng/ml 27.2 (21.3; 34.8) 45.8 (37; 63.4) <0.001 1.13(1.07;1.2) <0.001
VEGF, pg/ml 387 (187.5; 461.6) 249.7 (153.8; 370) 0.116 0.79 (0.53; 1.17) 0.248

Note: the factor values are gives as medians Me (Q1; Q3).
Table 5. Levels of the main laboratory parameters depending on the development of CEP
Tabnuua 5. YpoBHU 0CHOBHbIX TabopamopHbIX nokazamesel B 3aBucuMocmu om passumusi KKT
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Predictor B(SE) RR 95% CI p VIF

1.32 = = = =
NTproBNP, ng/ml 0.012 29 1.45;5.1 0.018 1.34
GLS, % -0.74 0.51 0.39;0.72  0.032 1.27

Syntax, points 0.13 3.05 2.2,6.8 0.002 1.05
sST2, ng/ml 0.15 3.3 1.65; 7.51 0.041 1.08

Constant

Table 6. Coefficients in the model for predicting the risk of recurrent
cardiovascular events

Tabnuya 6. KoagppuyueHmsl B nony4eHHolU Modenu
NPO2HO3UPOBaHUS PUCKa Pa3BUMUSI NOBMOPHbIX
cepoe4Ho-cocyoucmsix cobeimull

To ensure the ease of use of this formula, a calculator
for calculating the probability of development of recurrent
cardiovascular events in patients with CHF within a year
after a previous MI was designed on its basis. After the
required parameters are filled in (NTproBNP and sST2
levels, Syntax scale points and GLS value), the program
provides the result of probability of development of
recurrent cardiovascular events within 12 months in
percent (Fig. 2).

Using a predicted event probability of 60% as a
threshold, the resulting model had an accuracy of 87.5%
(95% CI: 84.2; 91.3), a sensitivity of 81.8% (95% CI:
72.6; 90.8), and a specificity of 92.3% (95% CI: 87.8;
98.1). The positive predictive value was 92.3% (95% CI:
83.9; 96.4).

m DISCUSSION

Heart failure is a complex clinical syndrome that
occurs in various diseases, including MI, characterized
by pathological changes in the structure and/or function
of the heart [16].

Currently, there are many studies confirming the
prognostic significance of various predictors of adverse
outcome in patients with HF. These include EchoCG
data, results of effort tests, and levels of such biomarkers
as NTproBNP, galectin-3, hs-T-troponin, and CRP. At the
same time, despite the identification of many prognostic
markers, clinical decision-making in CHF is still based
primarily on parameters such as the presence of HF
symptoms (NYHA class), LVEF, QRS duration and
morphology [17].

Although LVEF is an important indicator in the
diagnosis and monitoring of patients with CHF, in some
cases, LVEF assessment may not be informative enough
and may not reflect the severity of the clinical condition,
particularly at the onset of HF. Recent studies suggest
that myocardial strain is a more sensitive parameter
for assessing cardiac function than LVEF. Thus, P.
Janwetchasil et al. (2024) studied the prognostic value of
GLS using the MRI of the heart in patients with known or
suspected coronary heart disease with preserved systolic
function of the left ventricle. The multivariate analysis
showed that patients with GLS less than 14.4% had a
significantly higher risk of adverse cardiovascular events
compared with patients with GLS greater than 14.4%
[6]. L. Caunite et al. (2024) showed that GLS improves
stratification of risk based on LVEF in patients after MI
with elevation of the ST segment (STEMI). The study
included 1909 STEMI patients, the average follow-up
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Figure 1. ROC-curve for predictions obtained using the model.

being 69 months. The cumulative 10-year survival rate
was 91% in patients with improvement or slight decline
in GLS compared with 85% in patients with a GLS
decline of >7% within one year after the index event.
In a multivariate regression analysis, a decrease in GLS
>7% from baseline remained independently associated
with the development of the endpoint after adjustment
for clinical and echocardiographic parameters of left
and right ventricular function. Thus, speckle tracking
strain echocardiography has the potential to improve risk
stratification in patients with STEMI, even with preserved
or moderately reduced LVEF at baseline and in follow-up
[4]. The correlation between the GLS value and level of
BNP with the development of pathological remodeling
after the MI was demonstrated earlier by V.E. Oleinikov
et al. (2022). Patients with pathological LV remodeling on
days 7-9 of MI had statistically significantly lower GLS
values, and within 6 months the proportion of patients
with low and intermediate LVEF was 24.4% and 60%,
respectively. A decrease in GLS of less than 11.7% was a

NTproBNP, ur/ma 5w ¢
GLS, % 200 < Hosep xapTel nanmenTa
Syntax, GaLsl T o
ST2, ar/ma 820 = DHO

Ada

Jara poxaenns

01.01.1961
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11

MeuunHCKan OPraEAIANAN, 18

PaccuuTars 64,70% p= 0647028 | BLITOARAETCH HCCIEI0BAHME

HpOl'HOCTH‘leCKaﬂ BepOATHOCTE BRICOKAS

Bpaa Hsanos H.H.

Hara 01.01.2025 2

Figure 2. Example of using a calculator for riskometry
in patients with CHF who had M|

PucyHok 2. lpumep ucnonb30BaHus KanbKynsmopa
ans puckomempuu y nayueHmos ¢ XCH, nepeHecwiux VIM.
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highly sensitive and specific predictor of the development
of post-infarction pathological LV dilation [18]. In the
present study, a dynamic assessment of the GLS value
was not performed, but only the effect of GLS on the
development of late adverse cardiovascular events was
assessed. At the same time, the prognostic significance of
GLS was demonstrated by both univariate and multivariate
analyses, which makes this indicator a valuable marker for
early risk stratification in patients with CHF who have had
an MI, regardless of its dynamics.

Recently, the prognostic significance of ST2 and
its advantages over natriuretic peptides gained much
attention. The clinical effectiveness of assessing the
level of sST2 in HF was confirmed by numerous studies
conducted over the past 20 years. A meta-analysis of 2016
studied 7 clinical trials with more than 6372 participants
and confirmed the prognostic value of sST2 with respect
to adverse outcomes in CHF patients [19]. It is known
that an increase in sST2 levels after MI has a long-term
prognostic value for the development of CHF. According
to clinical observations, patients with elevated sST2 levels
after MI were more susceptible to subsequent maladaptive
myocardial remodeling and progression of HF [20]. sST2
has also been shown to be a powerful predictor of adverse
clinical events in AHF. Xue-Qing Guan et al. (2024)
increased the predictive value for risk stratification in
patients with AHF over a three-year follow-up period by
assessing the incidence of major adverse cardiovascular
events, defined as re-hospitalization for HF and/or all-
cause mortality. The authors found that the optimum
threshold value for sST2 was 34 ng/ml. Patients above
this threshold had higher rates of re-hospitalization and
mortality, which emphasized the prognostic importance
of elevated sST2 levels in the study population. The
diagnostic value of sST2 varied across different HF
patient groups, particularly in patients with a history of
MI, indicating the importance of considering prognostic
differences between patient groups when monitoring sST?2
levels in clinical practice [21].

To assess the risks of developing adverse outcomes
within a year for the studied cohort of patients, we
proposed a mathematical model for determining the
risk of developing recurrent cardiovascular events and
death within 12 months in patients with CHF after MI.
The multivariate regression analysis established the
following as independent predictors of development
of adverse clinical outcomes: GLS value, score on the
Syntax scale, and concentration of sST2 and NTproBNP
identified not later than two days after the development
of ML. It is to be noted that in this study, the NTproBNP
did not lose its prognostic value. It was proven that the
inclusion of new biomarkers in the multi-parametric
models, in addition to the widely known natriuretic
peptides, significantly improves the risk stratification,
and the highly sensitive troponins and the sST2 seem
to be more reliable biomarkers for the stratification of
risk [22-23].

m CONCLUSION

The assessment of levels of GLS and sST2 in patients
with IM, along with the assessment of the severity of the
coronary atherosclerosis and the level of NTproBNP is a
promising tool that can improve early stratification of risk
and diagnostic and therapeutic management of patients
admitted for emergency care. The increase of sST2 levels
in plasma is likely associated with significant activation of
both neurohormonal and profibrotic mechanisms, which
may help identify patients at high risk of early adverse LV
remodeling after M1.

The use of the proposed prognostic model in clinical
practice, in particular at the hospital stage, will allow
not only to stratify the risk of developing recurrent
cardiovascular events in patients with CHF after a
previous MI and promptly identify individuals with a high
probability of developing adverse clinical events within
the next year, but also to provide a more personalized
approach to treatment and preventive measures for a
specific patient. »=
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Ha OCHOBaHMM [aHHbIX OHMOMapKepoB Yy MAI[MEHTOB C pPa3IUYHBIMU
denorunamu XCH.

Bce aBropel onmobpwiM  pUHANBHYIO BEpCHUIO  CTaTbd  Ileper
myOiMKanyed, BBIPasWIM COIIACHe HeCTH OTBEeTCTBEHHOCTb 3a Bce
acreKTs! paboTEl, TOAPa3yMeBaIONIyI0 Hajjlexalnee U3ydeHre U pelleHue
BOIIPOCOB, CBSI3aHHBIX C TOYHOCTBIO WJIM JI0OPOCOBECTHOCTBIO JIOOOM
4yacTy paboThl.
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